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FINAL REPORT

Objectives of the Research

The synthesis of new oxides, sulfides and nitrides was
undertaken with the objective of discovering novel conducting
properties. One goal is to discover new classes of compounds that
could be high temperature superconductors. Such discovery is hoped
to lead to materials with better mechanical and electrical
properties than the copper oxides and possibly to provide new
perspectives on the mechanism of high temperature
superconductivity. A second goal is to investigate little studied
classes of materials for new chemical or physical behavior. While
oxides as a class have been extensively studied, compounds such as
ternary nitrides are almost completely unexplored. Since there are
technologically important binary nitrides, such as AIN, Si3N4 and
NbN, it is likely that studies of ternary nitrides will produce
exciting advances. A final objective is to train undergraduate and
graduate students to be creative in the production and
characterization of both known and novel solid state materials.
Such solid state chemistry has been a neglected area of science in
the US, but 7n area critical to many technologies.

Research Findings to Date

We have discovered a large new family of compounds: the
ternary nitrides. These compounds contain an electropositive metal,
such as an alkali, alkaline earth or rare earth metal, and a
transition metal of post-transition metal as well as nitrogen.
These include: CaNiN (Technical Reports listed below, #5), Ca2ZnN,
(#6), Ca3CrN3 (#7), Ca3MN with M = P, As, Sb, Bi, Ge, Sn, and Pb
(#8,9), Ta3N5 (#10). The synthesis, structure and chemical and
physical properties of these materials reveal significant
differences in behavior from other solid state compounds. There are
about a hundred new nitrides that we have prepared and observed by
powder x-ray diffraction. Unravelling the structure and properties
of these materials will be the subject of future research.

As part of our studies we have also investigated a few unusual
oxide materials that were made first by us. These include NdNiO
(#I), Ba2Nb5O9 and Sr2Nb5O9 (#12), and studies of strong oxidants for
deintercalation of oxides and other solids (#2). At the same time
we developed some instrumentation necessary to measure the density
of small quantities of powdered solids to help in the structure
determination of our new materials (#3). Finally, a review of the
status of solid state chemistry and of our research was written by
the invitation of Science (#4).
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